ABSTRACT.-A s e r i e s of e l e c t r o r e f l e c t a n c e ( E R 1 study has been made on v a r i o u s parametric system o f a-Si:H.
INTRODUCTION.-I t has been well experimented t h a t modulation spectroscopy is a u s e f u l l t o o l f o r t h e c h a r a c t e r i z a t i o n o f t h e band s t r u c t u r e o f s o l i d s [ l l . The f i r s t attempt o f t h e s e measurements on modulated e l e c t r o -o p t i c a l s i g n a l s of plasma deposited a-Si:H has been made by Okamoto e t a l . [ 2 1 . Figure 1 shows an example of e l e c t r or e f l e c t a n c e s p e c t r a (ER) of a-Si:H near t h e fundamental o p t i c a l edge (?.1.8eV). The s i g n a l e x h i b i t s a s t r u c t u r e which is c h a r a c t e r i s t i c o f t h e Mo c r i t i c a l p o i n t i n a c r y s t a l l i n e semiconductor. Freeman e t a l . have a l s o reported ER s p e c t r a possessing only one d i s t i n c t peak i n s u p u t t e r e d a-Si:H[31.
ER s p e c t r a over a wide energy region i n plasma deposited a-Si:F:H[41 have been r e c e n t l y demonstrated by Tsu e t a l . . Their ER s p e c t r a r e v e a l s t r u c t u r e s around 2eV which f a i r l y correspond t o t h o s e r e p o r t e d by O k m t o e t a l . and o t h e r s t r u c t u r e s due t o h i g h e r interband t r a n s i t i o n i n t h e high energy region.
Since o u r f i r s t t r i a l of ER study on a-Si:H, we have conducted a s e r i e s of s y s t e m a t i c measurements f o r t h e e l e c t r o r e f l e c t a n c e s i g n a l on a-Si:H a s a f u n c t i o n o f various d e p o s i t i o n parameters.
In t h i s paper, among t h e s e d a t a we r e p o r t t h e change i n t h e e l e c t r o r e f l e c t a n c e s p e c t r a with r f power f o r decomposition of monosilane and s u b s t r a t e temperature, and d i s c u s s t h e e l e c t r o n i c s t r u c t u r e n e a r t h e fundamental edge of a-Si:H. E l e c t r o r e f l e c t a n c e measurements have been c a r r i e d o u t by using f i e l d -I modulation both i n t h e Schottky b a r r i e r 6000 7000
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~t has remove such thermoreflectance c o n t r ib u t i o n coming from thermal h e a t i n g due
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JOURNAL DE PHYSIQUE t o t h e c u r r e n t passing through t h e f i l m , we have c a r e f u l l y formed t h e junction t o e l t m i n a t e t h e dark thermal c u r r e n t component and applied t h e e l e c t r i c f i e l d t o t h e sample i n such a way t h a t c u r r e n t flow is n e g l i g i b l y small.
Furthermore, t h e ER s i g n a l of a-Si f i l m is u s u a l l y accompanied by many i n t e r f e r e n c e f r i n g e s a s shown i n Fig. 1 . To minimize such i n t e r f e r e n c e f r i n g e s we have used very t h i n a-Si:H f i l m s with t h e t h i c k n e s s of about 1500A.
By checking t h e invariance o f t h e ER lineshape with t h e angle o f l i g h t incidence a t t h e film s u r f a c e , we have confirmed t h a t t h e ER s i g n a l a r e almost f r e e from t h e i n f l u e n c e o f i n t e r f e r e n c e f r i n g e s .
EXPERIMENTAL RESULTS & DISCUSSION.-F i r s t l y , we demonstrate t h e v a r i a t i o n o f ER s p e c t r a n e a r t h e o p t i c a l gap with r e s p e c t t o r f power during t h e plasma d e p o s i t i o n of a -S~: H f i l m s . Figure 2 shows a s e t of experimental d a t a f o r r f powers of P =35, r f . 100 and 140W, r e s p e c t i v e l y . ER measurments were c a r r i e d o u t a t room temperature with a c o n s t a n t modulation v o l t a g e of 3V i n t h e Schottky-barrier geometry.
A s s e e n i n t h e f i g u r e , t h e ER spectrum of Prf=35W has a broad s i n g l e peak and resembles ER s p e c t r a obtained with s p u t t e r e d a-Si:H films.
I n c r e a s i n g r f power, t h e spectrum comes t o e x h i b i t s i m i l a r f e a t u r e s t o t h o s e seen near an Mo c r i t i c a l p o i n t i n cryst a l l i n e semiconductors.
These experimental behaviors a r e i n t e r p r e t e d a s follows. O p t i c a l t r a n s i t i o n s between extended s t a t e s i n t h e completely disordered system would hardly be a l t e r e d by t h e presence of t h e e x t e r n a l modulation e l e c t r i c f i e l d because t h e l i f e t i m e o f an e l e c t r o n i n t h e h y p o t h e t i c a l Bloch s t a t e s is s o s h o r t . That i s , t h e l i f e t i m e broadening p r e v a i l s t h e i n f l u e n c e of e x t e r n a l e l e c t r i c f i e l d t o diminish t h e modulated r e f l e c t a n c e s i g n a l a s s o c i a t e d with t r a n s i t i o n s between t h e extended s t a t e s . This is t h e case seen i n a-Si:H prepared with low power plasma d e p o s i t i o n o r usual s p u t t e r i n g , where t h e f i e l d induced change i n t h e d i e l e c t r i c constant might be dominated by t h a t o f t r a n s i t i o n s between d i f f u s e d t a i l s t a t e s and extended s t a t e s a s suggested by J a l a l i and Weiser[91.
On t h e o t h e r hand, E R s p e c t r a i n plasma deposited a-Si:H with h i g h e r r f power e x h i b i t broad b u t d i s t i n c t s t r u c t u r e o r i g i n a t e d from t h e f i e l d induced change i n o p t i c a l t r a n s i t i o n s between p a r a b o l i c extended bands.
This implies t h a t t h e higher power d e p o s i t i o n promotes s t r u c t u r a l orderness and thus weakens t h e l i f e t i m e broadenig. Figure 3 
i n d i c a t e s t h e modulation voltage V dependence o f AR/R peak h i g h t s . The s l o p e s i n l o g AR/R vs. l o g V p l o t s a r e v e p c l o s e t o 2 i n a l l t h e peaks i n ER s p e c t r a . The e l e c t r i c fielda88uld be a p p l i e d almost uniformly over t h e a-Si:H l a y e r when t h e f i l m t h i c k n e s s is very t h i n of =2000A[81 i n c o n t r a s t t o t h e case of c r y s t a l l i n e bulk semiconductors i n which t h e a p p l i e d e l e c t r i c f i e l d extends only i n t h e s u r f a c e b a r r i e r region. This r e s u l t s i n d i c a t e s t h e square power dependence o f AR/R or. t h e modulation e l e c t r i c f i e l d .
Moreover we cinfirmed t h e lineshape i n v a r i a n c e ? I APPLIED YOCILU. 1 Y 4 
F@. 2 CPange o f e l e c t r o r e f l e c t m c e s i p a l hR/R with v a r i n g the r f power dur?~ng the plasma deposis i a . Arrows indicate the position o f the energy gap d e t e n i n e d by three point a d j u s t i n g method.

Fig. 3 Modulation voltage Vo deuendeme o f hR/R peak hights for various e o s ' i t i o n r f pomp.
The slopes of Log AR/R us. Log V are about 2.
apP o f ER s p e c t r a w i t h r e s p e c t t o t h e modulation e l e c t r i c f i e l d .
Thus, we imagine t h a t t h e ER t h e o r y i n t h e low f i e l d regime developed by Aspnes f o r c r y s t a l l i n e s o l i d s [ l l h o l d s good t o a c i r t a i n e x t e n t i n t h e c a s e o f o u r h i g h e r power d e p o s i t e d a-Si:H.
Then we c o u l d determine t h e p o s i t i o n o f t h e enerqy gap, t h a t is t h e fundamental edge, by t h e t h r c e p o i n t a d j u s t i n g method, which is i n d i c a t e d by arrows i n F i g . 2 .
While, f o r t h e lower power d e p o s i t e d a-Si:H, t h e e l e c t r i c f i e l d dependence o f ER s p e c t r a i s i n c o i n c i d e n c e w i t h t h a t t h e o r e t i c a l l y v e r i f i e d by E s s e r i n t h e e l e c t r o -o p t i c a l s i g n a l a s s o c i a t e d w i t h l o c a l i z e d s t a t e s [ l O ] .
F i g u r e 4 shows t h e s u b s t r a t e s temperat u r e T dependence o f ER s p e c t r a i n a-Si:H f i l m s Erepared w i t h u s u a l r f power f o r photo- The arrows i n t h e f i g u r e i n d i c a t e t h e p o s i t i o n o f t h e o p t i c a l gap.
I t is n o t i c e a b l e t h a t t h e
i n c r e a s e o f s u b s t r a t e temperature s h i f t s t h e ER peak toward lower energy s i d e a c c o r d i n g t o t h e change i n t h e o p t i c a l gap (Eo t ) , and a l s o d e c r e a s e s t h e h a l f w i d t h o f ER g p e c t r a .
Ts=3OO0C ;
The narrowing o f t h e h a l f w i d t h e s might i n d i c a t e a s h r i n k i n g o f d i f f u s e d t a i l s t a t e s , , , ' \, w i t h i n c r e a s i n g t h e s u b s t r a t e t e m p e r a t u r e . 1.6 1 . 7 1 . 8 1.9 2.0 amorphous network might b e smeared o u t w i t h i n c r e a s i n g t h e s u b s t r a t e t e m p e r a t u r e .
PHOTO) ENERGY 1:" [eV)
In F i g . 5 , we show t h e a b s o r p t i o n coe f f i c i e n t s p e c t r a n e a r t h e fundamental edge
F'i.7. 4 C h r t g e n f elzctrorefLeczance s i p o l of t h e f i l m s used f o r ER measurements.
A s w i t h oariv.2 <ti. e G s t r a : e t.mpcrqture.
be seen from t h e f i g u r e , change i n t h e ponds t o t h e change i n t h e o p t i c a l e n e r g y P,:. j5% gap w i t h hydrogen c o n t e n t i n t h e a-Si network, and t h e l a t t e r f a c t t e l l s t h e s p r e a d i n g s o f t h e l o c a l i z e d d i f f u s e d t a i l s t a t e s with d e c r e a s i n g s u b s t r a t e t e m p e r a t u r e . While, t h e h i g h e r power d e p o s i t i o n g i v e s rise t o a d r a s t i c a l change i n a b s o r p t i o n s p e c t r a a s . . found i n ER s p e c t r a shown i n f i g . 2 . Probably due t o t h e s t r u c t u r a l o r d e r n e s s b r o u g h t about i n t h e a-Si:H network, t h e a b s o r p t i o n coe f f i c i e n t i n h i g h e r power d c p o s i t c d a-Si:H can b e no l o n g e r f i t t e d t h e dahv v s . hv p l o t s which is c h a r a c t e r i s t i c i n t h e n o n -d i r e c t o p t i c a l t r a n s i f i e l d caused by t h e s u r r o u n d i n g hydrogen r i c h r e g i o n .
Accordingly, t h e o v e r a l l e l e c t r o n i c p r o p e r t i e s c l o s e l y c o r r e l a t e w i t h t h e c r y s t a l l i t e s i z e o f b o t h r e g i o n s and a l s o t h e s t r e n g t h o f t h e s t r a i n f i e l d . The h i g h e r power d e p o s i t i o n might enhance t h e s i z e and c o n c e n t r a t i o n o f p u r e s i l i c o n i s l a n d , which r e c o v e r s t h e wave v e c t o r coherence o r i n o t h e r words t h e l i f e t i m e o f a n e l e c t r o n i n t h i s r e g i o n and t h u s l e a d t o c r y s t a l l i n e -l i k e ER s p e c t r a .
However, w i t h i n t h e e x t e n t o f o u r d e p o s i t i o n c o n d i t i o n s , t h e c r y s t a l l i t e s i z e is s t i l l s o s m a l l t o b e d i r e c t l y d e t e c t e d by X-ray a n a l y s i s .
With t h e a i d o f h i g h d e n s i t y o f hydrogen
